Wooden cultural heritages of Korea have been destroyed by fire in many cases. As a result, a number of methods to protect wooden cultural properties against fire were introduced. A way of protecting wooden cultural properties installations of fire equipments such as sprinkler, fire alarm system, or fire extinguisher. Another way of protecting wooden cultural properties is to treat them with flame retardants for their safety. Development of a very effective flame retardant with a good performance without affecting danchung and wood quality is required. At the same time, methods of evaluating flame retardant treated woods should be devised to assess their efficacy. In this study, combustion characteristics using cone-calorimeter, limit oxygen index, moisture absorption, iron corrosive and weathering were analyzed to evaluate the flame resistance efficacy and performance of flame retardants treated woods. The evaluation methods of flame retardants for wooden cultural heritage were suggested.
INTRODUCTION
The wooden cultural heritage were aged long time, drier has been advanced, combustion is likely to be that is easy to ignite. In addition, it has become a combustible material such as wood that is easy to burn, it has a feature that reaches its peak in fire (Flashover) within 10 minutes (Baek and Lee 2010 (Cha et al. 2011 ).
In the wooden heritage fire safety study, Shin et al. (2013) reported that external fire environment is most important to wooden heritage. Cha (2012) estimated the efficacy of domestic flame retardants.
The most secure way to protect wooden cultural heritage is improvement of fire resistance through the fire retardants technological development (Oh et al. 2009 ).
Currently, wooden cultural heritage of the country carry out the installation of fire fighting facilities and flame-retardant treatment for fire prevention. In this study, for the flame resistance efficacy and performance of flame treated wood, combustion characteristics of cone-calorimeter, limit oxygen index, moisture absorption, iron corrosive, weathering were analyzed.
MATERIALS and METHODS

Combustion Characteristics of Flame Retardant Treated Wood
Flame retardants were used two agents that are 
Evaluation of Hygroscopicity
Analysis of Limit Oxygen Index
Japanese red pine (5 × 5 × 10 mm) specimens were dipping treatment for limit oxygen analysis. The ab- 
Iron Corrosive Test
Japanese red pine (20 × 50 × 3 mm) treated dipping methods. The absorption amount of flame retardant was A (500 mℓ /m 2 ) and B (700 mℓ /m 2 )
respectively. The nails using for iron corrosion test were wiped out the oil from the nail surface. The two nails were fixed to put between the pieces of treated wood. The specimens were placed at 98%
RH and 40℃ for 20 days in the chamber. The weight of nails were measured 5 days intervals. The corrosion area of nail was wiped out using boiled ammonium citrate solution. After the dried nails, weight of the nail was measured. The iron corrosion rate was calculated by weight loss.
Weathering Test
Japanese red pine was used for weathering test samples with a dimension of 100 mm × 100 mm × 12 mm (width × depth × thickness). The tester has adjusted to distance from lamp to specimen 300 mm, and light illumination was 20,500 Lux. After the test, specimens were measured color difference by Specro photo meter (M-700D). The flame retardant treated wood did not show the peak which char formation compared untread wood.
RESULTS and DISCUSSION
Combustion Characteristics of Flame Retardant Treated Wood
At the time of the maximum heat release rate, flame retardant treated wood has maintain a low heat release rate. Heat release rate of flame treated wood tended to increase gradually after it was maintained up to 300 seconds.
Total heat release (Fig. 2) 
Evaluation of Hygroscopicity
All flame retardant treated wood showd higher hygroscopicity than the untreated wood. The hygroscopicity was increased until 48 hr, which showed a tendency to decrease after 72 hr. Cha (2012) 
Iron Corrosive test
Iron corrosion test results of flame retardant treated woods are presented in Fig. 5 . Weight loss due to the corrosion of iron was equal to or less than that of the untreated wood. Fig. 6 shows the state of the nails after the iron corrosion test. Son et al. (2014) reported that high percentage of phosphorus flame retardants have highly corrosive to iron. Where the iron corrosion is a concern, the composition of the flame retardants should be taken into consideration. It is believed that the corrosion of iron is an important factor in the evaluation of retardant treated wood which can give a significant effect on the aesthetics and durability of a building.
So, the iron corrosion should be included for the test of the flame retardant treatment.
Weathering Test
The color of the flame retardant treated wood was changed to a darken color (Figs. 7∼9) . It was also found that the color was changed to red and yellow line. In the untreated wood, the value of a and b is getting higher after the test, L value was lowered to the progress of the light degradation. The components of the flame retardants has caused the difference in texture and color change of the flame retardants treated wood surface. Park et al. (2013) confirmed the peeling of danchung and whitening of the test specimens treated with flame retardant after six-month exposure test. They suggested that these phenomenon had been occurred when the flame retardants were not penetrated into the wood.
Weathering test is also an important factor in the evaluation of the functionality of the flame retardant because it may affect the wood by ultraviolet degradation in use flame retardant treated wood. 3) The color of the flame retardant treated wood was changed to a darken color. It also analyzed that color was changed to red and yellow line.
CONCLUSION
Analysis of weather resistance must be taken into the performance evaluation of flame-retardant due to consider the aesthetic part of wooden cultural heritage and endurance of the retardants.
4) The results of this study indicates that analysis methods of fire resistance and evaluation methods of functionality should be taken into the consideration of the performance evaluation of the flame retardant treated wooden cultural assets.
